Angiotensin preconditioning of the heart: evidence for redox signaling.
Angiotensin II (Ang II) has been found to exert preconditioning-like effect on mammalian hearts. Diverse mechanisms are known to exist to explain the cardioprotective abilities of Ang II preconditioning. The present study hypothesized, based on the recent report that Ang II generates reactive oxygen species (ROS) through NADPH oxidase, that Ang II preconditioning occurs through redox cycling. To test this hypothesis, a group of rat hearts was treated with Ang II in the absence or presence of an NADPH oxidase inhibitor, apocynin; or a cell-permeable ROS scavenger, N-acetyl cysteine (NAC). Ang II pretreatment improved postischemic ventricular recovery; reduced myocardial infarction; and decreased the number of cardiomyocyte apoptosis, indicating its ability to precondition the heart against ischemic injury. Both apocynin and NAC almost abolished the preconditioning ability of Ang II. Ang II resulted in increase in ROS activity in the heart, which was reduced by either NAC or apocynin. Ang II also increased both the NADPH oxidase subunits gp91 phox and p22phox mRNA expression, which was abolished with apocynin and NAC. Our results thus demonstrate that the Ang II preconditioning was associated with enhanced ROS activities and increased NADPH oxidase subunits p22phox and gp91phox expression. Both NAC and apocynin reduced ROS activities simultaneously abolishing preconditioning ability of Ang II, suggesting that Ang II preconditioning occurs through redox cycling. That both NAC and apocynin reduced ROS activities and abolished Ang II-mediated increase in p22phox and gp91phox activity further suggest that such redox cycling occurs via both NADPH oxidase-dependent and -independent pathways.